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Do You See What I See?
RACHEL MULLINS
M
ild Mental Retardation (MMR) is a general term that refers to 
impairments in intellectual ability and adaptive skills, which 
include activities of daily living (ADLs), communication skills 
and social skills. MMR can be caused by genetic abnormalities 
(e.g., Down Syndrome [DS]), environmental factors such as head trauma or 
lack of oxygen at birth, and in some cases for undocumented reasons. These latter 
individuals are often referred to as having mental retardation of unknown etiology. 
Although most people associate mental retardation with cognitive impairments, 
previous research suggests that these individuals have visual perception impairments 
as well. 
Visual perception encompasses abilities such as binocular depth perception, 
motion perception, color vision, and contrast sensitivity. Binocular depth 
perception is the ability to perceive the world in three dimensions, based 
on the fact that each of our two eyes sees a different view of the world. 
Difﬁculties with binocular depth perception can contribute to stumbling 
and spilling. Motion perception is the process of inferring the speed and 
direction of elements in a scene based on visual inputs. Deﬁcits in motion 
perception can cause difﬁculties noticing moving objects such as automobiles. 
Color perception is an organism’s ability to distinguish objects based on the 
wavelengths of light they reﬂect. Color vision impairments can distort the 
individual’s ability to differentiate between colors. Finally, contrast sensitivity 
is the ability to perceive an object and distinguish that object from its 
surroundings based on contrast. Deﬁcits in contrast sensitivity can cause 
difﬁculties with distinguishing a door from the surrounding wall or detecting 
food on a plate.  
These visual perception abilities are processed within two visual streams in 
the brain. These two streams are known as the “ventral” and “dorsal” visual 
pathways. The ventral pathway projects from the visual cortex (from the 
posterior of the brain to the anterior) into the temporal lobes. The ventral 
pathway is also considered the “what” stream; it is called so due to its ability 
to detect and identify objects.  The dorsal stream projects from the visual 
cortex into the parietal lobes and constitutes the “where” stream. The 
“where” stream indicates where objects are in space.  Perceptual abilities such 
as color vision are processed by the ventral stream while motion perception 
is processed by the dorsal stream. Binocular depth perception and contrast 
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sensitivity are processed by both depending on the nature of 
the task given. Individuals who have damage to the ventral 
stream have difﬁculty recognizing objects; they can, however, 
maneuver objects and pick them up accurately. Those who 
have damage to the dorsal stream have difﬁculties locating an 
object in space and grasping it correctly.
Visual Perception Deﬁcits in MMR
Individuals with MMR of unspeciﬁed etiology have substantial 
deﬁcits in visual perception (Fox & Oross, 1992). Impairments 
have been noted in binocular depth perception (Fox, & Oross, 
1988), motion perception, and monocular depth perception 
(Shimp and Oross, 1994).  Fox & Oross (1993) demonstrated 
that individuals with MMR show deﬁcits in binocular depth 
perception. To assess this, a random element stereogram was 
utilized; this assessment can be compared to watching a 3-D 
movie in that the same brain mechanisms are activated. The 
stereogram has a view for the left and right eye. In order to view 
properly, a mechanism within the visual system compares the 
individual elements, matching them to one another. If matched 
and processed correctly, a shape is perceived. The ability to view 
the solid textured surface is complex yet seemingly effortless 
for individuals without MMR. When viewed, a solid textured 
surface with distinct edges appears. In this experiment, the 
density of the stereogram was reduced from 50% to 25% to 
10% and then 1%. The MMR individuals were able to detect 
the form at 50% just as the individuals without MMR; however 
in the lower density conditions, such as 25% and below, it 
appeared only as a blob rather than as a deﬁned form. Due 
to the fact that the MMR group saw only a blob, it can be 
hypothesized that there is a problem with the depth perception 
mechanism within the visual system. The ability to match the 
elements to one another is called correspondence. It has been 
suggested that this deﬁcit cannot be placed anywhere within 
the brain before the visual cortex because it is here that the 
information from the two eyes ﬁrst interact. 
Oross, Shimp & Fox (1993) demonstrated impairments in 
motion perception in individuals with MMR; the researchers 
tested this hypothesis by using a psychophysical assessment 
called a random dot kinematogram. This assessment required 
participants to perceive movement with a background of noise, 
similar to a television whose picture is “snow-like.” The actual 
assessment used the letter “E” with a background of noise. The 
participant indicated the direction the letter was moving, for 
example, left or right.  As hypothesized, the performance of 
the individuals with MMR was signiﬁcantly worse than those 
without MMR. 
There have currently been no deﬁcits related to color vision, 
or contrast sensitivity published for individuals with MMR 
(Shimp & Oross, 1992). Rocco, Cronin-Golomb & Lai, 
(1997), conducted a study examining color vision and contrast 
sensitivity in this population; however, no noted impairments 
were detected.  This information combined with the noted 
deﬁcits in binocular depth perception and motion perception 
suggests that individuals with MMR exhibit selective deﬁcits 
in visual perception.  Namely, the deﬁcits noted in depth and 
motion perception suggest the existence of damage within the 
dorsal visual pathway while the lack of a deﬁcit in color or 
contrast sensitivity implies an intact ventral pathway. 
Visual Deﬁcits in DS
In individuals with DS, impairments have been noted in color 
vision and contrast sensitivity (Rocco et al., 1997). Individuals 
in this study included those with DS and those with MMR. 
In terms of color discrimination, 48% of the DS group made 
one or more errors on the City University Color Vision Test. 
This test measures protan, deutan, and tritan impairments, the 
ﬁrst two having to do with a red/green color deﬁcit while the 
latter with a blue/yellow color deﬁcit. Results showed that the 
number of tritan errors made by the DS group was signiﬁcantly 
different than the number of protan and deutan errors made. 
They also reported decreased contrast sensitivity in their DS 
sample across low, medium, and high spatial frequencies. This 
ﬁnding was supported by Courage, Adams, and Hall, (1997) 
in children with DS. As of yet, no studies have examined the 
binocular depth perception and motion perception abilities of 
individuals with DS. It remains to be seen whether deﬁcits will 
be apparent in these speciﬁc domains.
Visual Deﬁcits and Activities of Daily Living
The visual impairments noted in individuals with MMR and 
DS have ramiﬁcations for their activities of daily living and 
quality of life, including abilities such as pouring liquid into a 
glass, navigating from one location to another, climbing stairs, 
walking without stumbling or running into objects, reaching 
and grasping for objects, using appliances, and engaging in 
social activities like watching television or playing games.
Present Project
This present project aims to explore and compare a range of 
visual perceptual deﬁcits (i.e, binocular depth perception, 
motion perception, color vision, and contrast sensitivity) in 
individuals with DS and MMR of unknown etiology, and relate 
these ﬁndings to impairments in adaptive skills known to exist 
in these populations. Unlike previous studies, all individuals 
with MMR of unknown etiology and DS will be given the 
same battery of assessments allowing performance to be directly 
compared both within an individual and across groups. This 
will enable proﬁles of performance to be constructed. 
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METHOD
Participants
Participants included 24 individuals with MMR, 24 individuals 
with DS and 24 individuals without mental retardation 
(NC). All ranged in age from 20 to 56 years. Data from these 
individuals were extracted from a database developed by Dr. 
Neargarder, thereby making this an archival research project. 
She recruited participants through area workshops, supervised 
group homes, and community advertisements. All MMR and 
DS adults were within the mild range of mental retardation. 
Participants were matched on gender with an approximate 
equal number of males and females; medicals records and 
caregiver reports indicated that they were free from glaucoma, 
cataracts, and macular degeneration. 
Adults with speciﬁc ocular anomalies, such as strabismus 
and amblyopia, were not eliminated from the project. It was 
discovered that a fair number of adults with MMR and DS 
possessed such anomalies. We chose to include these individuals 
and examine how these ocular anomalies affected performance 
on each visual assessment. Information regarding the presence 
of an ocular anomaly was obtained through a variety of sources 
including medical history reports, caregiver reports, and 
claims made by the participants. Although ophthalmological 
exams were not performed to conﬁrm these ﬁndings, adults 
with suspected anomalies were tested both binocularly and 
monocularly on the 96% Regan chart to conﬁrm a difference 
in acuity between the two eyes.
The NC adults were recruited through area campuses and 
community advertisements. The NC adults matched the 
young adults with DS and MMR unspeciﬁed etiology in mean 
age and gender. All NC adults were free of glaucoma, cataracts, 
and macular degeneration. Three participants (2 middle-aged 
adults with MMR and 1 middle-aged adult with DS) were 
eliminated from the project due to their failure to successfully 
complete various practice conditions associated with the visual 
assessments. 
Assessments
Assessments consisted of four visual perception abilities 
(binocular depth perception, motion perception, color vision, 
and contrast sensitivity). Each visual perception assessment was 
preceded by a practice condition that participants completed 
to insure inclusion in the experiment. 
Depth Perception
The Howard Depth Perception Task. This assessment (see 
ﬁgure 1) allows for the measurement of stereoacuity thresholds 
even in individuals who lack stereopsis. It has been successfully 
used with a variety of clinical populations, and is well known 
for its use in measuring stereoacuity for real world objects. The 
Howard assessment utilizes a two-alternative forced choice 
method, wherein participants identify which of two vertical 
rods appears close to them. Participants maintain head position 
using a chin rest and view the two rods through a shutter-
operated window. The rods are contained within a blackened 
rectangular box illuminated by a uniform light source. 
Stereoacuity is determined by obtaining a 75% threshold value 
for the left and right rods, calculating the midpoint between 
them, and subtracting this value from either threshold. 
Figure 1. Depth Perception
Motion Perception
Global motion detection thresholds were assessed through the 
use of random dot kinematograms (see ﬁgure 2). In this ﬁgure, 
ﬁlled circles represent signal dots and open circles represent 
random noise. In the upper display, the target represents 
a 100% coherence condition, wherein all dots move in an 
upward direction. In the lower display, the target represents a 
50% coherence condition, wherein 50% of the dots move in an 
upward direction, and 50% move randomly. In both displays, 
the comparison represents random noise, wherein dots select a 
new direction each frame from a uniform distribution of 360 
degrees. Participants are asked to view two circles and indicate 
which one contains dots that appear to be moving in an upward 
direction. Modiﬁcations of the task procedures, which include 
the incorporation of staircase procedures and reﬁned practice 
conditions, have been added to decrease administration time 
and insure task comprehension. Thresholds were obtained using 
a 2 down/1 up rule staircase procedure where two consecutive 
correct responses or one incorrect response initiated a change 
of direction. The staircase began at a coherence level of 100%, 
increased and decreased in 7% steps, and terminated after 
10 direction reversals, the last 6 were averaged to determine 
threshold.
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The City University Colour Vision Test
The City University Colour Vision Test (see ﬁgure 3), a simple 
color matching assessment, is easily understandable requiring 
minimal effort on the part of participants. This contrasts with 
traditional tests of color vision (e.g., the Farnsworth D-15) 
which rely on the ability of participants to order a series of caps 
according to hue. With this particular assessment, participants 
are presented with plates containing four circles, each a different 
color, with one circle in the center of the four. The participant 
is then asked to indicate which of the surrounding circles if 
most similar in hue to the one in the center. 
The Regan Low Contrast Letter Acuity Charts
The Regan Low Contrast Letter Acuity Charts (see ﬁgure 4) 
assess acuity thresholds for each of ﬁve contrast levels: high 
contrast (96%), intermediate contrast (50% and 25%) and low 
contrast (11% and 4%). Each chart consists of rows of letters 
(eight per row) that decrease in size across rows. Participants 
view each chart (viewing distance is 10 feet) and match the 
letters on the chart to letters on a response board or verbally 
state what letter they see. A 75% threshold point is obtained for 
each chart using a Logit ﬁt, wherein values are log transformed 
and ﬁt to a straight line to obtain a threshold point. 
Figure 2.  Motion Perception – Random Dot Kinematograms
Figure 3. The City University Color Vision Test




For all of the following analyses signiﬁcant ﬁndings are 
graphically displayed. Individual statistics are not provided due 
to space constraints. For all analyses, alpha was set at .05 unless 
otherwise speciﬁed. 
The Howard Depth Perception Task
To analyze the results of the Howard Depth perception task a 
one-way between groups analysis of variance (ANOVA) was 
used to compare the three groups (NC, DS, and MMR) on 
their disparity values which were measured in arc seconds. The 
DS group performed signiﬁcantly worse than the NC group, 
however, there was no deﬁcit detected in the MMR group. The 
signiﬁcant ﬁndings were followed by post-hoc analyses (results 
are depicted in 
The Motion Perception Task
The results of the motion perception task (see ﬁgure 2) were 
analyzed using a one-way between groups ANOVA. It was 
used to compare the three groups (NC, DS, and MMR) on 
their motion coherence thresholds. The signiﬁcant ﬁndings 
were followed by post hoc analyses. The DS and MMR group 
performed signiﬁcantly worse than the NC group and the DS 
group performed signiﬁcantly worse than the MMR group. 
Results are shown in ﬁgure 6. 
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The City University Color Vision Test
The results of the City University Color Vision test were 
analyzed using a Chi-Square analysis. There were no signiﬁcant 
differences between either of the groups based on the number 
of protan, deutan, or tritan errors made. The results of the 
color vision test are presented in ﬁgure 6 which contains a 
table demonstrating the average number of color errors made 
by each group.
The Reagan Low Contrast Acuity Charts
To analyze the results of the Reagan Low Contrast Acuity 
charts, a mixed design ANOVA was used. The three groups 
were used as the between subject factor (NC, DS, and MMR) 
and the 5 levels of contrast (4%, 11%, 25%, 50%, 100%) were 
used for the within subject factor. Signiﬁcant ﬁndings were 
followed up with post-hoc tests using an adjusted alpha level of 
01. The DS and MMR groups performed signiﬁcantly worse 
than the NC group and the DS group performed signiﬁcantly 
worse than the MMR group across all contrast levels (results 
are shown in ﬁgure 7). 
DISCUSSION
A preliminary proﬁle of individuals with MMR as compared to 
the NC group suggests impairments in motion perception and 
contrast sensitivity. However, no impairments were found to 
exist in depth perception or color vision. Individuals with MMR 
showed a great deal of variability with the depth perception 
task which could have contributed to the lack of a signiﬁcant 
ﬁnding. Also, the depth perception task used in this study did 
measure stereoscopic vision, such as that examined by Fox and 
Oross (1993). The differences between these assessments most 
Figure 5. The graph above represents the mean performance and standard 
error of the mean of each group on the depth perception task. The Y axis 
shows the disparity in arc seconds. The numbers correspond to the distance 
between the ﬁrst and second rod in arc seconds. The X axis shows the three 
groups who completed the depth perception task. Overall, the DS group 
performed signiﬁcantly worse than the other two groups in terms of the 
depth perception task. 
† = MMR differed signiﬁcantly from DS.
* = DS and/or MMR differed signiﬁcantly from NC.
Figure 6. The graph above represents mean performance on the motion 
perception task; the vertical bars represent the standard error of the mean 
for each condition. The components of the motion perception task are as 
follows; the Y axis contains the levels of the percent of motion coherence 
with 0% having the least. The X axis contains the three groups who took part 
in the assessment. As pictured below, the MMR and DS group performed 
signiﬁcantly worse than the NC group. There was also a signiﬁcant difference 
between the MMR group and the DS group. Overall, the DS group performed 
signiﬁcantly worse than the other groups.
† = MMR differed signiﬁcantly from DS. 
* = DS and/or MMR differed signiﬁcantly from NC. 
The Howard Depth Perception Task
Motion Perception
Figure 7. The above table shows the results of the City University Color 
Vision Test. The components of the table are as follows; the three groups that 
participated in the assessment are listed at the left of the table, along with 
the possible color errors to be made listed along the top row. The numbers 
represent the average number of color errors for each type of color deﬁcit. 
Protan and Deutan refer to red/green color errors while Tritan refers to a 
blue/yellow color error. There were no signiﬁcant differences across groups 
for protan, deutan, or tritan color errors.
The City University Color Vision Test
 Protan  Deutan  Tritan
NC 0.83 0.42 0.42
DS 0.77 1.15 3.08
MMR 0.38 0 0.77
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likely contribute to the variability in the ﬁndings between the 
two studies. The overall results support the suggestion that 
these individuals have selective visual impairments and that 
both the ventral and dorsal visual streams are affected in the 
brain. Proﬁles for individuals with DS as compared to the NC 
group show that there are impairments in binocular depth 
perception, motion perception and contrast sensitivity. Similar 
to the MMR group, there were no impairments exhibited with 
color vision. These noted impairments also indicate problems 
with both visual streams. 
When comparing individuals with MMR and DS, the DS 
group performed signiﬁcantly worse than the MMR group 
on all measures with the exception of color vision wherein 
no impairments were exhibited, this could potentially suggest 
that individuals with DS have more neuropathology within 
the visual streams than individuals with MMR, or that other 
factors are contributing to their poorer performance such as 
ocular abnormalities.
These patterns of results support the hypothesis that deﬁcits 
exist within the visual streams of the brain in MMR and DS 
individuals are not due to cognitive factors such as inattention, 
lack of motivation, and/or a general cognitive impairment. 
Recall that each assessment was preceded by a practice 
condition where a certain score or threshold must have been 
obtained in order for the participants to continue. Due to the 
fact that each participant completed the practice condition 
successfully suggests that poor performance was not due to 
inattention or lack of comprehension. As noted previously, 
only three participants were excluded from the study due to 
the fact that they could not complete the practice condition. 
Moreover, for some assessments (e.g., motion), the MMR and 
DS groups make no errors at the highest levels of coherence 
(100%). It was only when the coherence levels were lowered 
was a deﬁcit in performance observed. This suggests that 
individuals understood the task instructions.
As noted previously, MMR and DS individuals experience 
problems in activities of daily living such as pouring liquid 
into a glass, climbing stairs, using appliances, and engaging in 
social activities. Rieser, Guth, & Weatherford (1987) examined 
how deﬁcits in binocular depth and motion perception affect 
an activity of daily living known as wayﬁnding. Participants 
began at an object in a room and were then told to move in 
various directions and told to turn a certain number of times. 
The more turns they were asked to make, the greater the task 
difﬁculty. All participants entered the same room and were then 
asked to point to the object they started at using a laser pointer. 
They found that the individuals without mental retardation 
mediated their responding with visual-environmental cues, 
whereas the individuals with MMR did not. In other words, 
the depth and motion cues in the scene helped individuals 
without MMR determine where they were in the scene relative 
to the other objects in the room. This same visual information 
did not help individuals with MMR. From this study we get 
a clear picture of how these individuals’ impairments have a 
dramatic effect on their everyday life.  In fact, in 1973, Rieser 
et al., surveyed the autonomous travel of MMR persons and 
found that only 25% ventured independently outside their 
immediate neighborhoods, and only 80% traveled even within 
their own neighborhood. They also found that individuals 
with MMR have difﬁculty recognizing photographs of familiar 
scenes in route learning and in learning the two dimensional 
arrangement of landmarks in a town.
With the research ﬁndings provided, it is necessary that 
professionals use it and focus their efforts on environmental 
interventions. There is a dire need for group homes, community 
facilities, workplaces and special education classrooms to be 
evaluated for their effectiveness in aiding those with MMR 
or DS. A speciﬁc focus on special education classrooms is of 
particular importance. Young individuals with intellectual 
Figure 8. The graph above represents the mean performance of the three 
groups on the Reagan Charts, the components are as follows; the X axis 
contains the various contrast levels of each level of difﬁculty, with four 
percent having the least amount of contrast. The Y axis contains the Reagan 
Chart line numbers. The letters on the Reagan Charts decrease in size as the 
participant completes each line. Each line is smaller than the one before. 
Vertical bars represent the standard error of the mean. As shown below, the 
DS and MMR group performed signiﬁcantly worse than the NC. There was 
also a signiﬁcant difference between the DS and MMR groups. Overall, the 
DS group performed signiﬁcantly worse than both groups on the assessment 
of contrast sensitivity.
† = MMR differed signiﬁcantly from DS. 
* = DS and/or MMR differed signiﬁcantly from NC. 
The Reagan Charts
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disabilities are also at a critical stage developmentally and 
should therefore be encouraged to carry out certain tasks 
and chores independently. If children with or without an 
intellectual disability cannot learn to be independent in their 
school, where will there be another opportunity? It is also 
important to educate the special education teachers on the 
visual perception impairments of these individuals. Having the 
environment work for the students will be far more beneﬁcial 
than the students having to battle with their environment. 
Independence is the key, allowing individuals to take care of 
themselves and maneuver around their homes or workplaces 
without help thereby increasing their level of independence 
and overall quality of life. 
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